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ABSTRACT

To obtain better working materials for recently developed gas chromatography for hy-
drogen isotope separation, pressure-composition-temperature relationships of hydrogen
1sotopes were examined for Pd-Pt and Pd-Ni alloys from 273 K to 1073 K at concentra-
tions from 2 x 10™* to 0.65 in [H]/[M] ratio.

The heat of hydride formation for the alloys decreased with increasing Pt or Ni content.
The isotope effect defined as the equilibrium pressure ratio, Pp,/Py,, did not change
much with alloy composition. The equilibrium constant at infinite dilution showed strong
temperature and isotope dependence. Analysis indicated the ground state of D to be
1/4/2 less than that of H for respective alloys. The thermodynamic properties of hydride
phase were evaluated for all the alloys and hydrogen isotopes including tritium.

81



TR - LR - DR

1. # 8B

ARBEEIZIE, BAR, BEAEBICMNIFOLRHE, b FULLEE, RS
OBELE LTHEBEINTWS. LL, M) FULIKMERMI TR THY . EEMRTE
THIKBOBMGETH DD, BHICEERNIZRV AETNANREBLE -+ &5 R
HD. FZTHPFIFULOBRYBNIZIEEHOBRBRTARTH S, KREOIE O,
FRERORBLIIZLEORERS L URBOASFHHOBRSANCEXRBETHS.

PAIXB T OBEEOKM0E L DKFRELRMET D2 LN TE, KRB X UKBRESER
RISICK & 2RI ERIRERFD. TOMHEEFIA L, ARENAESE~DOEBENED LT
&7c. R 7u= b/ I 70FKEME LTPAERAVWSIFELEDO—2THBYD, LML,
PADKBILHERBIILBRKREL . BT ANTEERKBIEHETRTS. 20D, B
FSANOKBEBRBIEA7-DIZIIBREREOREBL. HAVVIBBRVANLELRS. L
MU, ZOLIREFIDHMEZETILZEND TRBEMERIZR D LV o R AN
HBH. Yo —TEHPAIEDLIDREM & L TPd-PtEENFRTHIL L2 RV L, ¥
BRERNECRBAIA I/ o NS T7EOBRERToTVAEYY, /2 MNIFoL%E8
KEBENMNEODBABE LBE. SEME N FULAOMEERYIEMTALEENH
5. FZTEMRIL, DEMBEOEHEEBDIZL. BIBNIFULLoBHOBEER
EFRT D02, Pd-PtBLUP-NIGEDOBNEBMLTMT 5 L2 BB L LT-.

FAZPA-PtEGDKFILMERICBIT 2B E/EL RN LBEER, Pd-PtE&IIPdE F%
DODRLENREFLRBOABIEDERBRE LV /NI TEHILEZBELRLY. #2TK
BTIIFIZPA-NIE @ EER L. KRIEHERIZBIT BN E/ LML, Pd-PtEL L
DHBERITo7. Eio, BREAROBAEBELZIMTIZLICLY, S&BITBITH MY
F O LOBARENT —FETFRIL.

2. RBH*

2—1. 8&H%ER

BERMDONRT UL, BEBL U= v 7 iZid=7 aRPdIR, PtERBIUNIRZ BV
2. TNFROMBEIT9.95%, 99.98%B L1909, % TH D, MHIZEEM LMWL, IED
MRERDEDICHEBBRE L, T—V7BRIFCTHEME L. TOB, FARN%5.0X10“PallF
ICEZHI L%, FRIZTAI%21.0X10° PaMAL, 7LV BEKIZLE. Z0HK
ERARIRVIE LT, RICBES v ¥ —BOTIIIT — 7 %RIIT I LICEVBEBRELYRY
BRUM=f%. PAdLPtEIIPAENIDBREMEBRE L. T— 7 BRRIISENOEREH—LT
572, SEILA EREIERNB 6Tk, T—JBRIILVBORIZAEDA Ty v 24
FEEL7-%. FYRYTHID, 1004 v 2l FOBEKIZLE.

RE, AERLIZEEOBRFERDORE. BLIUBEILORBEITH>-HIZ, 8€KHEKRNX
RET$Z— 2 FRIE LT

2-2. BRASICHFIBRTIROREE

BRI BT A RBERROMEIHEEEEL AV, EEHEHMLIX100 510X
10° Pa DBEDORE R 1T 072, ZOERIT, VARLE, HEHE LUHKE,»OHMR S
THEY, FEETBILIUVURKETORHMIBLNTHD. REBFELIRENTHY . 0~80CO%HE
A A, 80~800°CHEHEIZESIF % AV CIREHIH L7

82



Pd-Pt ¥ Pd-Ni &€& HIIB1T 5 KERMEOR I 451

BIERNC, ZORSEE2RAVT, 0~800°CDEBER TRIE 2TV RBEICEH T HHERHS
BELE., WIZI00A v a2 U ToORR, 1. 5g 2RISTIZAN. ZRBORIEICELT
X, FOHEE, REANIT00CT 1 FMOEZEMBBER 21TV, BRELLAFREHKH S,
FOEEDODENZEZERRE L. REEEAFTEDREETTHAL, —TEOBAEE
TFEREARBARCEICHMAL, BBRSEROBELITo. THEILEOHMHIIEHELIR
HoNRL oL L, 2B, RAIEICHWAEOMEIL, BAFE99.99999%., HEAHE
99. 6% LA L TH B,

2—-3. AFILVERBERICETOIRBERRS L UBRBHEFRKRO AT X

KFIEHAERBROSERIFZEFEICLIVRAE L., ZoKBOREEHGEREIZL. 0X10°
755.1X10° Pa TH D, ZOEBIIVAEBE, AEH, HIBTERRINA TS, AIE
HixdEHR, EHEER. —— PV TRBIUVEBB VT THERINTRY, TA8ARX
VHRIZEBHE TITEAS. RSB IIAT LV AMTHY . BEERESIZO~80CHRBE%
KT, 80~200°CHOKFH A ERIF TITo 7%,

BIEFNEE LT, 71DI21002 v 2 TFIZRIL L-RE, 1. 5g 2 RISBICANR, ¥
BIOAKRRBE - HHEZEVETZ EICEVRELEBEIT-72. TOHK, 250C TREHDE
ZHKEITV., BEPOKBREZHRHIE, KRREEBLVCEHORAEL L. RIZRKEE
EFHRECREL THHL, TARKELY —TBOABLRICEICNAL, BESEREA
ELE. BRBEEEROBERTH, —TEOKREZERERZ L, HHSERZREL-. R
FBICHWRE B LU AR, BRI, BREEROVEIZAVZLOLEELTHS.

3. BRABIUSBE

XBEHFANFZ—DRIELY ., FERLAEZREHITRTEEELTWA Z2RELE. -
E#ff'— 27 L 0osRH7Pd, Pd-PtIB L UPI-NiEE& DK FEH A Table 1 1277, Pd-Pt&
&, PA-NIiS&ORFERIIME" s B —&K L.

Table 1. Lattice parameters of the Pd-Pt and Pd-Ni alloys.

Sample Atomic ratio (at%) Lattice parameter (A) Ref.
4 3.889 This work
6 3.891 This work
8 3.892 This work
10 3.893 This work
Pd-Pt alloy 2.8 3.890 Ref.8
57 3.891 Ref.8
8.8 3.892 Ref.8
12 3.893 Ref.8
15.4 3.892 Ref.9 ]
B YRR 3881 | This work
6 3.876 This work
8 3.873 This work
Pd-Ni alloy 10 3.868 This work
9.6 3.866 Ref.10
13.5 3.855 Ref.10
ISR IS - SR I S . Ret11 __ |
Pd 3.891 This work
3.891 Ref.8
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Fig. 1 Absorption isotherms of H; (a) and D, (b) in the a-phase region for Pd-4at %Pt. .
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Fig.3 Temperature dependence of the equilibrium constants (K*) of H, and D, for Pd-Pt alloys; the calculated

results were shown by dotted lines.
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Fig. 4 Temperature dependence of the equilibrium constants (K™) of H; and D, for Pd-Ni alloys; the calculated

results were shown by dotted lines.
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Fig. 5 Desorption isotherms of H, and D, for Pd-4at %Ni.
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Fig. 6 Comparison of the deuterium desorption isotherms of pure Pd , Pd-Pt and Pd-Ni alloys at 333K.
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absorption and desorption process, respectively. ( Q=H; or D; )

a— B and B — « transition enthalpies and entropies of the Pd Q , Pd-Pt Q and Pd-Ni Q system for

AHe=# AS=e AHe e §e-a
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Fig. 7 Variation of the enthalpy and entropy changes with Pt- and Ni-content in Pd-Pt and Pd-Ni alloys.
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Table 4. List of parameters A,B,C and E use to calculate equilibrium constant.

Sample Q A (K) B (K) C(K) E(K) E-3C12(K)
Pg H 1.981 768.0  800.0 28145 26945
(Lasser et al.) D 1.933 664.0 5657 28175 27327
T 1.912 6179 4619 28189 27496
Sample Ptatomicratio Q A (K) B (K) C (K) E(K) E-3CR2(K)
H 1.981 2573 655.2 27838 26855
4 at%Pt
D 1.933 3920 4442 27885 27219
H 1.981 1593 781.6 27955 26783
Pd-Ptalloy 8 at%PpPt
D 1.933 1590 543.0 27992 27178
H 1.981 1579 808.4 27950 26737
10 at%Pt
D 1.933 1797 556.5 27962 27127
Sample Niatomicratio Q A (K) B (K) C (K) E(K) E-3C/2(K)
H 1.981 2819 619.1 27724 26795
4 at%Ni
. D 1.933 2097 462.3 27867 27173
Pd-Ni alloy
H 1.981 2040 676.2 27675 26660
8 at%Ni
D 1.933 2597 474.9 27746 27034
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Fig. 8 The ground state energy levels for H, D and T in Pd, Pd-Pt and Pd-Ni alloys as determined from fitting

the equilibrium constant data to the harmonic model.
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Fig.10 Excess chemical potential for H and D in Pd-Pt and Pd-Ni alloys.
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